
Report No. 6 

Quarterly Progress  Report No. V February 1 t o  A p r i l  30, 1965 

A STUDY OF BONDING BETWEEN GLASS AND PLASTIC 
I N  GIASS-REINFORCED PUSTICS: PHASE I1 

By : D. L. Chamberlain, Jr. , 

S R I  P r o j e c t  No. GCU-4525 
2 N65186036 
e 

ITHRU) 

1 
(CODE) 

ICATEOORY) 

Prepared for 

Nat iona l  Aeronaut ica l  and Space Adminis t ra t ion  
Washington 25 ,  D.C. 

Approved: 

LioneVA. Bi‘ckinson, Di receor  
Polymer & Propuls ion  Sc iences  Div is ion  

Copy No. 



Y 

i 

I INTRODUCTION AND SUMMARY 

This  r e p o r t  covers  work done during the second q u a r t e r  of Phase I1 

of t h e  p r o j e c t .  I n  t h i s  phase w e  a r e  s tudying  methods f o r  producing, 

on g l a s s  and s i l i c a  f i b e r s ,  an organic  

the  f i b e r s  by s i l icon-carbon bonds. 

19 f i n i s h ”  t h a t  w i l l  be bonded t o  

Considerable  e f f o r t  was devoted during t h i s  q u a r t e r  t o  phys ica l  

methods f o r  e v a l u a t i n g  sur f  ace t reatment  of low s p e c i f i c  su r face  m a -  

t e r ia l s .  The phys ica l  methods appear t o  o f f e r  t he  b e s t ,  i f  no t  t h e  

on ly ,  s a t i s f a c t o r y  way of measuring changes wrought by su r face  t rea tment  

of end-use materials.  Conventional methods of a n a l y s i s  ( e . g . ,  i n f r a r e d  

spectroscopy and c l a s s i c a l  a n a l y t i c a l  methods) which are e f f e c t i v e  f o r  

h igh  s p e c i f i c  s u r f a c e  m a t e r i a l s ,  a r e  of l i t t l e  or no use  f o r  materials 

which have a low surface-to-weight r a t i o  such as g l a s s  p l a t e s ,  c y l i n d e r s ,  

and even c o a r s e l y  ground g l a s s .  

Alkoxyla t ion  was inves t iga t ed  as an a l t e r n a t i v e  and more desirable 

r o u t e  -- than c h l o r i n a t i o n  or f l u o r i n a t i o n  -- t o  r e a c t i v e  in t e rmed ia t e  

s u r f a c e  groups on s i l i c a  and g l a s s .  Work a l s o  w a s  cont inued w i t h  f i n e l y  

d iv ided  materials of h igh  s p e c i f i c  s u r f a c e .  App l i ca t ion  of c h l o r i n a t i o n  

and a l k y l a t i o n  r e a c t i o n s  w a s  extended t o  low s p e c i f i c  su r face  materials,  

namely g l a s s  microscope s l i des ,  and s i l i c a  and g l a s s  r i n g s .  A s o n i c  

method f o r  the  s tudy  of bonding between p l a s t i c  and surface-modif ied 

g l a s s  was eva lua ted  and found t o  be inadequate .  

Samples have been prepared f o r  d i l a t o m e t r i c  measurement of adhesion 

i n  a g l a s s - p l a s t i c  composite system. A peel t e s t  appara tus  was designed 

and cons t ruc t ed ,  and a prel iminary e v a l u a t i o n  of the  appara tus  w i t h  un- 

modif ied g l a s s  and s i l i c a  r i n g s  was accomplished. The e f f e c t  of s u r f a c e  

t rea tment  upon t h e  angle  of con tac t  between glass p l a t e s  and s e l e c t e d  

polar and non-polar l i q u i d s  w a s  demonstrated.  
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I1 DISCUSSION 

Materia 1s 

While s i l i c a  i n  var ious  forms was used ea r l i e r  i n  t h i s  p r o j e c t  t o  

develop c h l o r i n a t i o n ,  f l u o r i n a t i o n ,  and a l k y l a t i o n  procedures ,  our  

c u r r e n t  work c a l l s  f o r  ex tending  su r face  t rea tment  methods t o  g l a s s ,  

which con ta ins  a v a r i e t y  of i o n i c  spec ie s .  

composi t ion,  supp l i ed  by F i s h e r  S c i e n t i f i c  Co . )  has been used f o r  

i n i t i a l  experiments.  Attempts t o  c o r r e l a t e  su r f  ace populat ion" of 

c h l o r i d e  atoms w i t h  s u r f a c e  a r e a ,  as measured by adso rp t ion  of n i t r o g e n ,  

were unsuccessfu l .  The d i f f i c u l t y  appears  t o  lie ir; t h e  change i n  

measured s u r f a c e  a r e a  w i t h  change i n  the  temperature  of i n i t i a l  desorp- 

t i o n .  This e f f e c t  may be a t t r i b u t e d  t o  the  presence of f r a c t u r e s  i n  

t h e  g l a s s  p a r t i c l e s .  These f r a c t u r e s  may be completely f i l l e d  w i t h  ad- 

sorbed  gases  a t  ambient tempera tures ,  and a t  h ighe r  temperatures  gases  

may be desorbed from these f r a c t u r e s ;  t h e  r e s u l t  i s  h ighe r  measured 

s u r f a c e  areas, as shown i n  Table I. 

t i o n  a t  2OO0C may cause an unknown amount of deso rp t ion  and an e q u a l l y  

unknown i n c r e a s e  i n  t he  halogenated su r face  area. Therefore  q u a n t i t a t i v e  

c o r r e l a t i o n  between measured surf  ace area and t h e  concen t r a t ion  of sur-  

f a c e  groups cannot  be made. 

A g l a s s  powder (of  unknown 
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Chlo r ina t ion  a t  5OO0C o r  f l u o r i n a -  

Attempts t o  o b t a i n  f i re -pol i shed  g l a s s  beads of comparable s p e c i f i c  

s u r f a c e  were u n s a t i s f a c t o r y .  

Manufacturing Company) s p h e r i c a l  glass beads i n  diameters  as small as 29 

microns are a v a i l a b l e ,  t h e s e  beads are of a soda-lime composition and 

leach s e v e r e l y  i n  water. Consequently,  t h e  F i s h e r  S c i e n t i f i c  g l a s s  pow- 

d e r  w i l l  be used u n t i l  such t i m e  as q u a n t i t a t i v e  c o r r e l a t i o n s  between 

su r f  ace area and concen t r a t ion  of r e a c t i v e  groups is  necessary .  

Although S u p e r b r i t e  (Minnesota Mining and 
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Chlo r ina t ion  

Ch lo r ina t ion  r e a c t i o n s  proceeded smoothly on f i n e l y  d iv ided  materials.  

A modified r e a c t o r ,  shown i n  Fig.  1, w a s  very e f f e c t i v e ;  w i t h  a s i l i c a  

tube i t  may be opera ted  t o  1000°C i n  a tube fu rnace .  The e f f e c t  of t e m -  

pe ra tu re  upon the c h l o r i n a t i o n  of low-iron s i l i c a  w i t h  phosgene is  shown 

i n  Table  11. 

The e r r a t i c  r e s u l t s  a t  335 and 400'C may be expla ined  by the  observed 

v a r i a b i l i t y  of s u r f a c e  a r e a  w i t h  desorp t ion  temperature .  Thus, a t  h ighe r  

tempera tures ,  t h e  rate of desorp t ion  (and  of i nc rease  i n  s u r f a c e  a rea )  

may be r a p i d  and r ep roduc ib le ,  while a t  lower tempera tures ,  t h e  ra te  may 

be much s lower ,  and much less reproducib le .  The problem of accu ra t e  meas- 

urement of s u r f a c e  area of ground g l a s s  p a r t i c l e s  w i l l  be avoided i n  the  

f u t u r e ,  i f  poss ib l e .  

The d a t a  -at 5OO0C and h ighe r  agree  w e l l  w i t h  previous r e s u l t s .  

C h l o r i n a t i o n  of g l a s s  and s i l i c a  r i n g s  was accomplished i n  t h e  

appara tus  shown i n  F ig .  2 .  However, d i f f i c u l t i e s  a rose  i n  main ta in ing  a 

500' temperature  a t  t h e  su r face  of t he  i n n e r  j a c k e t .  These d i f f i c u l t i e s  

must be overcome before  t h e  apparatus  can be u s e f u l  f o r  c h l o r i n a t i o n  of 

g l a s s  r i n g s  wi th  phosgene. 

F l u o r i n a t i o n  

F l u o r i n a t i o n  of r i n g s  f o r  peel tests w a s  conducted a t  2OO'C i n  the 

appa ra tus  shown i n  F ig .  2. N o  problems were encountered i n  hea t ing  t o  

200'c. 

F l u o r i n a t i o n  of microscope s l i d e s  f o r  c o n t a c t  angle  s t u d i e s  was 

c a r r i e d  ou t  i n  appara tus  descr ibed previous ly .  The presence of m e t a l l i c  

i o n s ,  or o t h e r  d i f f e r e n c e s  between g l a s s  and s i l i c a ,  r e s u l t e d  i n  an in -  

t e r e s t i n g  temperature  e f f e c t :  F l u o r i n a t i o n  a t  low tempera tures ,  ca .  100°C, 

r e s u l t e d  i n  seve re  and non-uniform e t c h i n g  of t h e  s u r f a c e ;  a t  15OoC,  a 

c l e z r  s u r f a c e  was obta ined ,  bu t  a t h i n ,  t r a n s p a r e n t  f i l m  of n o n v o l a t i l e  

m e t a l  f l u o r i d e s  could  be peeded from the  g l a s s  su r face .  Gpthi..iii zozdi- 

t i o n s  f o r  t h i s  r e a c t i o n  have not y e t  been found. 
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Alkoxylat  ion  

Alkoxylat ion of sur f  ace-based SiOH groups o f f e r s  an a l t e r n a t i v e  t o  

c h l o r i n a t i o n  or f l u o r i n a t i o n  as a route  t o  r e a c t i v e  s u r f a c e  groups.  This  

r e a c t i o n  was c a r r i e d  o u t  on g l a s s  powder and microscope s l i d e s  us ing  

n-propyl a l c o h o l ,  according t o  the  method of 1 le r . l  Analyses on t h e  

powdered g l a s s  are not  complete ,  but t he  p r o p e r t i e s  of t h e  product in-  

d i c a t e  t h e  r e a c t i o n  w a s  success fu l .  Alkoxyla t ion  o f f e r s  advantages of 

lower temperature ,  fewer poss ib l e  s i d e  e f f e c t s  ( such  as e t c h i n g ) ,  and 

g r e a t e r  s a f e t y  of o p e r a t i o n  as compared t o  f l u o r i n a t i o n  or c h l o r i n a t i o n :  

( a )  S i  - OH + CH, CH, CII, OH - > B20 + S i  0 CH, CH, CH, 

( b )  S i  - 0 CH, CH, CH, + L i  - R - > LiOCH, CH,CH, + Si-R 

Alky la t ion  

The a l k y l a t i o n  of c h l o r i n a t e d ,  f l u o r i n a t e d ,  or a lkoxyla ted  materials 

w a s  accomplished i n  a s t r a igh t fo rward  f a s h i o n  wi th  the  appropr i a t e  organo- 

l i t h i u m  compound. I n  the  case of g l a s s  r i n g s  f o r  peel tests,  the  halo-  

gena t ion  appara tus  ( F i g .  2) w a s  f l u s h e d  w i t h  n i t r o g e n ,  t he  inner  j a c k e t  

w a s  qu ick ly  removed and immersed i n  a s o l u t i o n  of t h e  organol i thium com- 

pound. A f t e r  a l k y l a t i o n ,  the  tube w a s  c a r e f u l l y  c u t  i n t o  1.5 - inch  l eng ths .  

Adhesion Evalua t ion  

F i n a l  e v a l u a t i o n  of t he  e f f e c t  of s u r f a c e  mod i f i ca t ion  of g l a s s  f i b e r s  

must be done on a f i n i s h e d  lamina te ,  or o t h e r  end-use product.  However, 

experiments  on s u i t a b l e  model s y s t e m s  provide a less expensive and much 

more r a p i d  sc reen ing  procedure.  To t h i s  end ,  f o u r  methods f o r  s tudying  

t h e  e f f e c t  of sur f  ace t reatment  upon s u r f a c e  p r o p e r t i e s  were examined: 

s o n i c ,  d i l a t o m e t r i c ,  peel tests,  and con tac t  angle  measurement. These 

'E. K ;  I le r ,  Method of E s t e r i f y i n g  t h e  Surface  of a S i l i c a  S u b s t r a t e  
Having a React ive S i l a n o l  Sur face ,  azci ?rnduct Thereof ,  U.S. Pat .  N o .  
2 ,657,149 ( O c t .  1953) . 

4 



I' e 

methods become somewhat more important i n  t h e  absence of a n a l y t i c a l  

d a t a  concerning the  sur f  ace concen t r a t ion  of modifying groups.  

Sonic  Method 

The son ic  method f o r  eva lua t ion  of bonding has been s u c c e s s f u l l y  

employed i n  a v a r i e t y  of circumstances.  

could  be adapted t o  a t  least  t h e  q u a l i t a t i v e  measurement of bonding be- 

tween a f i n e l y  d iv ided  f i l l e r  and a polymeric ma t r ix  w a s  explored.  The 

method depends upon t h e  absorp t ion  of sound waves a t  the  i n t e r f a c e s  be- 

tween phases of a composite material. The appara tus  used w a s  a barium 

t i t a n a t e  t r ansduce r  placed upon a "button" cif glass powder-f i l l e d  

e las tomer  7 . 5  mm t h i c k  and 25 mm O.D. General  Electric RTV-615 s i l i c o n e  

polymer w a s  used f o r  the  e las tomer ,  because of i ts  ease of formula t ion  

and f a b r i c a t i o n .  

powder. 

The p o s s i b i l i t y  t h a t  t h e  method 

Buttons were f a b r i c a t e d  w i t h  5 9  ( b y  weight)  of g l a s s  

The son ic  method, a s  u sed ,  w a s  u n s a t i s f a c t o r y ,  due t o  t h e  poor re- 

p r o d u c i b i l i t y  of r e s u l t s  from sample t o  sample,  and between success ive  

measurements upon t h e  same sample.  E f f o r t  i n  t h i s  d i r e c t i o n  was d i s -  

cont inued .  

D i  1 a tome t r i c Me t hod 

S i x  samples of a 1:l m i x t u r e  of g l a s s  and RTV-615 s i l i c o n e  e las tomer  

are ready f o r  eva lua t ion  on the d i l a t o m e t r i c  appara tus .  These,  and o t h e r s ,  

w i l l  be run  when the  instrument  becomes a v a i l a b l e .  This  ins t rument ,  which 

belongs t o  t h e  U.S. A i r  Force is being used e x t e n s i v e l y  i n  t h e  e v a l u a t i o n  

of s o l i d  p r o p e l l a n t  formulat ions.  I t  w i l l  be made a v a i l a b l e  f o r  u se ,  

wi thout  f e e ,  on t h i s  c o n t r a c t .  

5 



Peel  T e s t s  

Peel tests were c a r r i e d  ou t  on the  appara tus  shown i n  F ig .  3. De- 

t a i l s  of i t s  c o n s t r u c t i o n  and opera t ion  are g iven  i n  t h e  f i g u r e ,  and i n  

t h e  Experimental  s e c t i o n .  Table I11 summarizes the  d a t a  t o  d a t e .  These 

d a t a  were obta ined  wi th  a Baldwin-Tate-Emery load  tester. The glass or 

si l ica  r i n g s  were wrapped w i t h  0.75- inch  wide commercial Scotch t a p e ,  

u s ing  a cons t an t  and reproducib le  12-pound load.  The wrapped r i n g s  were 

condi t ioned  i n  a cons t an t  humidity chamber. The temperature and humidity 

i n  t h i s  chamber approached, b u t  did no t  q u i t e  m e e t  t he  73 + 2'F and t h e  

51 - + 2$ r e l a t i v e  humidity c a l l e d  f o r  i n  ASTM s tandards .2  Room tempera- 

t u r e  a t  n igh t  dropped s o  low t h a t  t h e  h e a t e r  was inadequate  f o r  a per iod 

of 4-6 hours.  More p r e c i s e  c o n t r o l  w i l l  be e x e r c i s e d  when p r e c i s e  d a t a  

are requi red .  

- 

Table I11 g ives  d a t a  from f i v e  s e p a r a t e  runs  on each  of n ine  r i n g s .  

The f i r s t  seven r i n g s  were s i l i c a ,  t h e  l a s t  two Pyrex g l a s s .  The Bald- 

win tester w a s  n o t  equipped w i t h  a recorder  and, because of t h e  r a p i d  

p u l l  rate, no a t tempt  was made t o  o b t a i n  more than  the  high and low 

readings .  The high va lue  i s  much more s i g n i f i c a n t  than the  l o w  va lue ,  

f o r  t h e  low reading  on the  t e s t e r  could  b e , c o n s i s t e n t l y ,  c o r r e l a t e d  w i t h  

v i s i b l e  reg ions  of poor bonding. The l a s t  column i n  the  t a b l e  shows 

t h e  peel f o r c e  i n  pounds per  inch of tape width ,  f o r  the  average of the  

h igh  and low va lues .  

These pee l  tests were made t o  ga in  exper ience  inwrapping r i n g s  and 

o p e r a t i n g  the equipment,  and t o  c o l l e c t  data on u n t r e a t e d  r i n g s  f o r  

r e fe rence .  A g e n e r a l  improvement i n  t h e  q u a l i t y  of t he  d a t a  f o r  the  

l a s t  two runs  i s  e v i d e n t ,  e s p e c i a l l y  i n  the  low va lues .  T h i s  r e s u l t e d ,  

a lmost  s u r e l y  from improved wrapping technique.  

*1964 Book of ASTM Standa rds ,  Part 16 ,  S t r u c t u r a l  Sandwich Cons t ruc t ions ;  
Wood; Adhesives ,  America= Society f n r  Tes t ing  Materials, Ph i l ade lph ia ,  
1964. 

a. ASTM Peel Tes t  D903-49 
b. ASTM Climbing Drum Peel Tes t  D1781-62. 
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Var ia t ions  from low t o  h igh  va lues  f o r  a p a r t i c u l a r  r i n g  do not  

exceed 96, which may be considered good f o r  t he  method i n  i t s  present  

state of development. 

Contact  Angle Measurements 

Contact  angle  measurements, of a prel iminary n a t u r e ,  were made 

u s i n g  water on microscope s l i d e s  which had been f l u o r i n a t e d  and washed 

w i t h  wa te r ,  and on s l i d e s  t h a t  had been c leaned  by the more convent iona l  

acid-dichromate method. A l l  f l u o r i n a t e d  s l i d e s  showed c o n t a c t  ang le s  

of 5-10', whi le  the acid-cleaned s l ides  showed v a r i a b l e  a n g l e s ,  from 5' 

t o  46'. 

more r e l i a b l e  of the two c leaning  methods. 

i n s t e a d  of z e r o ,  ob ta ined  on cleaned s l i d e s  were a sc r ibed  t o  contaminat ion 

by adso rp t ion  from a i r  dur ing  the  per iod between c l ean ing  and measurement. 

Thus, it would appear t h a t  f l u o r i n a t i o n  and hydro lys i s  i s  the 

The f i n i t e  c o n t a c t  a n g l e s ,  * 

I11 EXPERIMENTAL 

Materials 

A s  r epor t ed  i n  t h e  l a s t  q u a r t e r l y  r e p o r t ,  the s u r f a c e  a r e a  of 

commercial low-iron s i l i c a  could n o t  be e x a c t l y  a s c e r t a i n e d  by the  

method of n i t rogen  adso rp t ion ,  because t h e  measured s u r f a c e  a r e a  inc reased  

as the temperature  of i n i t i a l  desorp t ion  increased .  This  e f f e c t  was 

a t t r i b u t e d  t o  f r a c t u r e s  i n  the  p a r t i c l e s  poss ib ly  caused by g r ind ing  o r  

rough handl ing.  Therefore ,  a sea rch  was made f o r  a source  of f i r e - p o l i s h e d  

glass beads.  The microbeads marketed by 3 M  were u n s a t i s f a c t o r y  due t o  

t he i r  h igh  con ten t  of a l k a l i  metals, and the  h igh  pH of water suspensions.  

From s e v e r a l  o t h e r  sources  f o r  g l a s s  beads ,  a l l  samples (2-4 mm OD) 

were very  p i t t e d  (and  probably f r a c t u r e d )  due t o  rough handl ing ,  or o t h e r  

causes .  One grade of Pyrex g l a s s  bead w a s  found t h a t  w a s  smooth and 

po l i shed ,  bu t  i t s  6 mm U.D. was too l n rge  t o  be u s e f u l .  Therefore ,  t he  

o r i g i n a l  s u p p l i e s  of low-iron s i l i c a  and ground g l a s s  ( F i s h e r ,  200 mesh 
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g l a s s  powder), were used. 

I t  w a s  c leaned  and s i z e d  by washing w i t h  a stream of t a p  water on a 325 

mesh Ty le r  s c reen  t o  remove f i n e r  par t ic les .  The po r t ion  r e t a i n e d  on 

the  sc reen  (200-325 mesh) w a s  then washed w i t h  s e v e r a l  po r t ions  of d i s -  

t i l l e d  water, t h e  water decanted,  t h e  g l a s s  washed wi th  t h r e e  po r t ions  

of reagent  grade dioxane,  then wi th  t h r e e  po r t ions  of reagent  grade 

low-boiling petroleum e t h e r ,  and f i n a l l y  t h e  g l a s s  powder was d r i e d  on 

a r o t a t i n g  evapora tor  a t  35-40°C and a p re s su re  of 1 mm mercury. This  

material  w a s  used f o r  a l l  work with g l a s s  powder. t h e  maximum s u r f a c e  

area, c a l c u l a t e d  on t h e  assumption t h a t  a l l  p a r t i c l e s  were s p h e r i c a l  

and of 325 mesh (O.GO43 cm) diameter ,  w a s  0.053 meters2/gram. 

se rved  surf ace area, from a n i t rogen  f low-measurement, was 0.11 m e  ters2 / 

gram, when t h e  i n i t i a l  desorp t ion  temperature  was 155OC. The r e s u l t s  

of s u r f a c e  area measurements as a f u n c t i o n  of desorp t ion  temperature  

are shown i n  Table I .  

The l a t t e r  i s  presumed t o  be a s o f t  g l a s s .  

The ob- 

Ch lo r ina t ion  

Ch lo r ina t ion  of p a r t i c u l a t e  g l a s s  and s i l i c a  was accomplished wi th  

phosgene i n  t h e  reactor shown i n  F i g .  1. The e f f e c t  of temperature  of 

ha logenat ion  upon the  c h l o r i d e  conten t  of product is shown i n  Table 11. 

The low va lues  f o r  su r face  ch lo r ide  concen t r a t ions  obta ined  a t  high t e m -  

p e r a t u r e s  (600'-800°C) may be a t t r i b u t e d  t o  the  more r ap id  dispropor-  

t i o n a t i o n  of in te rmedia te  surface-based s t r u c t u r e s  t o  s i l i c o n  tetra- 

c h l o r i d e  and oxides  of s i l i c o n .  These va lues  are i n  agreement wi th  those 

ob ta ined  i n  Phase I of t h i s  work. The e x c e l l e n t  agreement between t h e  

two va lues  a t  5OO0C may be somewhat f o r t u i t o u s ,  a l though r e p r o d u c i b i l i t y  

of r e s u l t s  a t  5OO0C and h igher  i s  good. The l a r g e  v a r i a t i o n  i n  r e s u l t s  

at temperatures  below 5OO0C may be a t t r i b u t e d ,  a t  l e a s t  i n  p a r t ,  t o  t h e  

e f f e c t  of deso rp t ion  temperature upon t h e  e f f e c t i v e  su r face  area of t he  

sample,  as shown i n  Table I .  
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Chlo r ina t ion  of g l a s s  and s i l i c a  r i n g s  ( f o r  peel tes t  eva lua t ion )  

w a s  c a r r i e d  out  a t  5OO0C i n  the  apparatus  shown i n  F ig .  2 .  

i n  t h i s  appara tus  w a s  d i scont inued  due t o  d i f f i c u l t i e s  of hea t ing  t h e  

i n n e r  (sample) j a c k e t .  The w e l l  i n  t h e  inne r  j a c k e t  w a s  heated w i t h  a 

s i l i ca - shea thed  immersion h e a t e r  surrounded wi th  80 mesh alumina. The 

hea t ing  element f a i l e d  a f t e r  one run because of t he  high f i l amen t  t e m -  

pe ra tu re  r equ i r ed  t o  main ta in  500°C a t  the  su r face  of t h e  j a c k e t .  

Ch lo r ina t ion  

A f t e r  c h l o r i n a t i o n ,  t h e  sys t em w a s  f l u s h e d  w i t h  d ry  n i t rogen  and 

t h e  inne r  j a c k e t  removed f o r  f u r t h e r  t rea tment .  F i n a l l y  t h e  t r e a t e d  

g l a s s  tube was c a r e f u l l y  c u t  i n t o  c y l i n d e r s  ( o r  s l e e v e s ) ,  1.25 inch 

long ,  f o r  use  i n  pee l  tes ts .  

F l u o r i n a t i o n  

F l u o r i n a t i o n  of r i n g s  f o r  peel tests was c a r r i e d  o u t  w i t h  e lementa l  

f l u o r i n e  a t  2OO0C, i n  the  apparatus  shown i n  F ig .  2 ,  us ing  sodium 

c h l o r i d e  as a h e a t - t r a n s f e r  agent  around a Calrod h e a t e r .  

F l u o r i n a t i o n  of s t anda rd  microscope s l i d e s  w a s  c a r r i e d  out  i n  

t h e  appara tus  shown i n  F ig .  2 of the  Summary Technical  Report ( J u l y  1964).  

Whereas t h e  f l u o r i n a t i o n  of s i l i c a  (which produces v o l a t i l e  products  ex- 

c l u s i v e l y )  w a s  smooth, t h e  f l u o r i n a t i o n  of g l a s s  was complicated by t h e  

format ion  of n o n v o l a t i l e  f l u o r i d e s .  A t  low temperatures  deep e t c h  l i n e s  

approximately perpendicular  t o  t h e  f o u r  edges of t h e  p l a t e  w e r e  formed. 

Examination under a microscope revea led  t h a t  they probably were i n i t i a t e d  

a t  notches ,  r e s u l t i n g  from the  c u t t i n g  ope ra t ion ,  a long  t h e  edges of t he  

glass s l i d e s .  

F l u o r i n a t i o n  of glass microscope s l i d e s  a t  15OoC f o r  0.25 hour pro- 

duced a t r a n s p a r e n t  s u r f a c e  t h a t  was not e tched wi th  l i n e s ,  but  which 

w a s  covered wi th  a t h i n  t r anspa ren t  l a y e r  of metal f l u o r i d e s .  Th i s  f i l m  

w a s  e a s i l y  peeled from t h e  g l a s s  s u b s t r a t e .  Its th ickness  was governed 
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by t h e  l e n g t h  of t i m e  of exposure t o  f l u o r i n e  gas .  Cont ro l  of t i m e  

and temperature  of f l u o r i n a t i o n  r e s u l t e d  i n  unmarred f l u o r i n a t e d  su r -  

f a c e s .  Optimum cond i t ions  have not been e s t a b l i s h e d  f o r  t h i s  r e a c t i o n .  

These p l a t e s  were used f o r  con tac t  angle  measurements. 

Alkoxylat  ion  

Alkoxyla t ion  of surface-based SiOH groups on g l a s s  was accomplished 

according t o  t h e  r e a c t i o n  

I 1 

-S i O H  + CH, -CH, -CH, -OH - > S i  - O-CH,CH,CH, + H,O. 
1 I 

The r e a c t i o n  WBS c a r r i e d  o u t  a t  18OoC w i t h  n-propyl a l c o h o l ,  i n  a pressure  

v e s s e l ,  as recommended by I ler.’  Glass powder and g l a s s  microscope s l i d e s  

were a lkoxy la t ed  f o r  subsequent u s e .  

A l k y l a t i o n  

A l k y l a t i o n  of g l a s s  and s i l ica  samples was accomplished by caus ing  

t h e  appropr i a t e  c h l o r i n a t e d ,  f l u o r i n a t e d  , o r  a lkoxyla ted  sample t o  react 

w i t h  t h e  d e s i r e d  organol i thium canpound. n-Butyll i thium was prepared 

from n-butyl  bromide and l i t h i u m  metal ,  o r  was purchased from a commercial 

s u p p l i e r .  Other organol i thium compounds were prepared by exchange between 

t h e  appropr i a t e  organic  h a l i d e  and n-buty l l i th ium.  

Adhesion Eva lua t ion  

Sonic  Method 

Samples were prepared by c a s t i n g  but tons  i n  metal p lanchets  7.5 mm 

deep and 25 mm diameter .  The but tons  were cast  f r a n  a 1:1 mixture  of 

glass and RTV-615 S i l i c o n e  (General  E lec t r ic  Co.) polymer. The mixture  

w a s  degassed and poured i n  a chamber a t  reduced p res su re ,  i n  o r d e r  t o  

o b t a i n  bubble-f ree c a s t i n g s .  A t t e m p t s  t o  prepare methyl acrylate  and 

m e t h y l  ac ry la t e -bu ty l  a c r y l a t e  copolymer rubbers f o r  t h i s  purpose gave 

u n s a t i s f a c t o r y  products  . 
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. . 

Sonic t e s t i n g  of these samples were c a r r i e d  ou t  w i t h  t he  a s s i s t a n c e  

of t h e  Sonics  Department of the  I n s t i t u t e ' s  Physics  Div is ion .  A barium 

t i t a n a t e  t r ansduce r  se rved  as a source,  and as a r e c e i v e r  f o r  the  son ic  

energy not  absorbed by the sample. The method, based upon the  abso rp t ion  

of energy by nonhomogeneous materials, was d iscarded  because of poor 

r e p r o d u c i b i l i t y  of readings  from dup l i ca t e  samples. 

D i l a tome t r i c  Method 

Samples were prepared from a 1:l g1ass:RTV S i l i c o n e  615 rubber com- 

posite, cast i n  a bar 0.5 x 0.5 x 3.0 inches .  Aluminum tabs were cast  

on each end t o  adapt  t o  the extensmeter r i g .  

S i x  samples of un t r ea t ed  g l a s s  are now ready  f o r  testing. 

Peel  Tes t s  

The appara tus  f o r  ca r ry ing  out  peel tests is shown i n  F ig .  3. It  

w a s  designed t o  e v a l u a t e  t h e  e f f e c t  of s u r f a c e  mod i f i ca t ion  of g l a s s  

adherends upon t h e  peel s t r e n g t h  of p re s su re - sens i t i ve  tapes. 

The r o l l e r - s t i r r u p  des ign  was chosen f o r  s i m p l i c i t y  of construc-  

t i o n ,  r e p r o d u c i b i l i t y  of ope ra t ion  and ease of su r f  ace p repa ra t ion  of 

c y l i n d r i c a l  samples. The prepara t ion  of samples may,  i n  some c a s e s ,  be 

more time-consuming than o t h e r  p e e l  t es t  methods.2 

of t h i s  method f o r  pee l  t e s t i n g  are: the appara tus  is  s e l f - a l i g n i n g ;  

t h e  angle  of peel is  always ( e s s e n t i a l l y )  90'; 

t h e  c y l i n d r i c a l  g l a s s  adherend is  such t h a t  i t  i s  r e a d i l y  halogenated 

and a l k y l a t e d .  

P a r t i c u l a r  advantages 

and the  conf igu ra t ion  of 

Glass c y l i n d e r s ,  a f t e r  t rea tment ,  were wound w i t h  tape as fo l lows:  

a s u i t a b l e  l e n g t h  of t ape  w a s  placed, adhesive s ide up, on a smooth f l a t  

s u r f a c e  which was cushioned w i t h  a smooth sheet of rubber ;  the g l a s s  
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r i n g  t o  be tested was s l i p p e d  on the  aluminum r o l l e r ;  

cen te red  on t h e  t a p e ,  the  l ead ing  edge of the  t ape  f i x e d  t o  t h e  rol ler ,  

and the tape wound by pushing the r o l l e r  over  the  tape. Uniformity i n  

winding was achieved by providing a device t o  keep t h e  tape under con- 

s t a n t  t e n s i o n ,  and by provid ing  a guide and a 12-pound weight  f o r  t he  

r o l l e r .  

the Gol le r  was 

Small  v a r i a t i o n s  i n  t h e  i n s i d e  d iameter  of t h e  glass r i n g s  were 

accommodated by wrapping the  r o l l e r  w i t h  one o r  more t u r n s  of a c l o t h -  

backed adhesive tape. 

Peel-test r i n g s  and t ape  were condi t ioned  i n  a cons t an t  tempera- 

t u r e ,  cons t an t  humidity chamber. The chamber was a p l a s t i c  dry box 

f i t t e d  w i t h  a t he rmos ta t ,  heater, and blower. A c o n s t a n t  r e l a t i v e  

humidity of 51% ( a t  73'F) w a s  maintained w i t h  a l a r g e  shal low t r a y  of 

s a t u r a t e d  calcium n i t r a t e  s o l u t i o n .  Re la t ive  h u m i d i t y  and temperature  

were recorded w i t h  a Bendix Hygro-Thermagraph. 

Contac t  Angle Measurements 

Contact  ang le  measurements w e r e  conducted by t h e  I n s t i t u t e ' s  

Meta l lurgy  Department. T o  d a t e ,  on ly  prel iminary measurements have been 

made t o  e v a l u a t e  the e f f e c t i v e n e s s  of c l ean ing  methods. 

Contact  ang le  measurements were made on g l a s s  microscope slides 

A s m a l l  drop of water was placed on ( E r i e  S c i e n t i f i c  Co. No. 2950). 

t h e  s l i d e  from a f i n e  g l a s s  c a p i l l a r y  tube.  The drop  was photographed 

through a microscope and prism arrangement t o  o b t a i n  an  enlargement of 

ca. 35X. The angle  of con tac t  was then  measured on t h e  photograph w i t h  

a r u l e  and p r o t r a c t o r .  

P l a t e s  which w e r e  c leaned  by f l u o r i n a t i o n  and subsequent  hydro lys i s  

w i t h  d i s t i l l e d  water showed c o n s i s t e n t l y  low c o n t a c t  ang le s  of 5-10'. 
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(Contac t  ang le s  g r e a t e r  t han ,  bu t  n e a r ,  ze ro  f o r  c l e a n  g l a s s  su r faces  

were t e n t a t i v e l y  a s c r i b e d  t o  atmospheric contaminat ion dur ing  exposure 

p r i o r  t o  measurement.) 

Glass s l ides  which had been cleaned i n  f r e s h l y  prepared s u l f u r i c  

acid-dichromate s o l u t i o n  exh ib i t ed  i r r e g u l a r  w e t t i n g ,  w i t h  va lues  as 

h igh  as 46'. 

I V  FUTURE WORK 

E-glass f i b e r s  w i l l  be used a s  a high spec i f i c - su r face  material 

f o r  c h l o r i n a t i o n  and a lkoxy la t ion  s t u d i e s .  

Alkoxyla t ion  w i l l  be f u l l y  eva lua ted  as an  a l t e r n a t i v e  t o  ch lor ina-  

t i o n  o r  f l u o r i n a t i o n  f o r  the  product ion of r e a c t i v e  in te rmedia te  groups 

on g l a s s  s u r f a c e s .  

Alkyla ted  and a ry l a t ed  g l a s s ,  both of h igh  and low s p e c i f i c  s u r f a c e  

w i l l  be prepared f o r  adhesion eva lua t ion .  

Adhesion e v a l u a t i o n  w i l l  be done on samples f o r  d i l a tome t ry  and 

peel t e s t i n g .  Contact  angle  measurements w i l l  be used as a guide i n  

choosing methods of s u r f a c e  t rea tment .  
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Table I 

Notebook 
Reference 

7452-25 

7452-25 

7452 -69 
L 

The E f f e c t  of I n i t i a l  Degassing Temperature 
on Surface Area 

as Measured by Nitrogen Adsorpt ion 

Mate r i a l  

Powdered Glass 

Low-Iron S i l i c a  

Powdered Glass 

Surface  Area 
(Meters2 per G r a m )  

Calcu la ted  
from 

Particle S i z e  

0,053* 

Measured by N2 Adsorpt ion 
fo l iowing  Descrpticr. a t  

t h e  Ind ica t ed  Temperature 

24OOC - 0.04 

335O - 0.10 

160' - 0.04 

200' - 0.06 

260' - 0.07 

335' - 0.08 

155' - 0.11  

K a l c u l a t e d  on t h e  basis of s p h e r i c a l  par t ic les  of t h e  minimum s ize  

(4.3 x 10-3cm) r e t a i n e d  by a 325 mesh sc reen .  
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Table I1 

The E f f e c t  of Temperature Upon the  
Ch lo r ina t ion  of Low-Iron S i l i c a  wi th  Phosgene 

Not e book 
Reference 

7452-2G 

- 17 

-16 

- 15 

-22 

-2 4A 

-24B 

-2 6 

-2 7A 

-27B 

Temperature 
O C  

aoo 

7 00 

600 

500 

5 00 

4 00 

4 00 

400 

335 

335 

Chloride 
Concentrat ion 
(mg Cl/g Sio,) 

~ 

0,0021 

0.0054 

0.0060 

0.077 

0.077 

0.016 

0.024 

0.010 

0.020 

0.015 
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Table I11 
(1) 

Summary of Peel Test  Data 

lb s .  f o r  0.75 in.  
wide taw Af te r  

~ 

Notebook 
Reference 

7452-70 

7452-73 

7452-80 

7452-87 

7452-90 

Ring No. 
(and type) 

1 ( s i l i c a  
2 (silica! 
3 ( s i l i c a  

5 ( s i l i c a )  
6 ( s i l i c a )  
8 ( s i l i c a )  
9 (Pyrex) 

10 (Pyrex) 

1 ( s i l i c a  
2 ( s i l i c a  
3 ( s i l i c a  i 
6 ( s i l i c a  
8 ( s i l i c a  

10 (Pyrex) 
9 (Pyrex) 

1 ( s i l i c a )  
2 ( s i l i c a )  
3 ( s i l i c a )  
4 ( s i l i c a )  
5 ( s i l i c a )  
6 ( s i l i c a )  
8 ( s i l i c a )  
9 (Pyrex 

1 
2 
3 
4 
5 
6 
8 
9 

10 

1 
2 
3 
4 
5 
6 
8 
9 

10 - 

sil ica) 
s i l i c a )  
s i l i c a )  
s i l i c a )  

s i l i c a  
s i l i c a !  
Pyrex) 
Pyrex) 

s i l i c a )  
s i l i c a '  
s i l i c a !  
silica: 
s i l i c a :  
silica' 
silica! 
Pyrex) 
Pyrex) 

leaning 
rocedure 

Pel - 
Before 
Wrap 
( hrs) 

17 
17 
17 
17 
17 
17 
17 
17 
17 

3 
2 3  
2 3  g 

24 
24 
24 
24 
24 
24 
24 
24 
24 

25 
25 
25 
25 
25 
25 
25 
25 
25 

17 
17 
17 
17 
17 
17 
17 
17 
17 

24 
24 
24 
24 
24 
24 
24 
24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
24 

25 
25 
25 
25 
25 
25 
25 
25 
25 

66 
66 
66 
66 
66 
66 
66 
66 
66 

24 
24 
24 
24 
24 
24 
24 
24 
24 

1.01 
1.00 
1.09 
1.05 
1.06 
1.06 
1.10 
1.40 
1.30 

0.90 
0.85 
0.92 
0.88 
0.85 
0.9i 
0.94 
0.85 
0.85 

0.95 
0.92 
0.94 
0.91 
0.95 

0.96 
0.83 
0.86 

1.12 
1.10 
1.07 
1.10 
1.10 
1.07 
1.06 
1.00 
1.01 

0.98 
0.99 
0.97 
0.96 
0.94 
0.96 
0.90 
0.90 

- 

8.99 

High 

'These da ta  w e r e  obtained on a Baldwin-Tate-Emery Testing m 
of 6 inches per minute, using the 6 l b  fu l l - s ca l e  range. 

1.07 
1.06 
1.13 
1.11 
1.11 
1.12 
1.13 
1.45 
1.42 

0.96 
0.92 
0.98 
0.94 
0.91 
3.3? 
0.97 
0.90 
0.90 

1.00 
0.97 
0.98 
0.95 
1.00 

0.97 
0.90 
0.92 

1.15 
1.15 
1.12 
1.13 
1.14 
1.11 
1.10 
1.05 
1.07 

1.03 
1.03 
1.04 
1.02 
1.00 
0.99 
1.00 
0.95 
0.98 

- 

1.39 
1.34 
1.48 
1.44 
1.45 
1.45 
1.49 
1.89 
1.81 

1.24 
1.18 
1.27 
1.21 
1.17 
1.25 
1.27 
1.17 
1.17 

1.30 
1.26 
1.28 
1.24 
1.30 

1.28 
1.15 
1.17 

1.52 
1.50 
1.46 
1.48 
1.49 
1.45 
1.44 
1.37 
1.39 

1.35 
1.34 
1.35 
1.33 
1.31 
1.29 
1.31 
1.23 
1.25 

- 

~. . 

hine ,  a t  the r a t e  

' A l l  operations were ca r r i ed  out  i n  a p l a s t i c  environmental chamber a t  cont ro l  
points of 51 2 2% R.H.  and 73 2 2'F. 
f o r  the cooler portion of t he  night when the  hea te r  w a s  inadequate t o  prevent 
a temperature drop (and consequent change i n  R.H.) Of 5-10'. 

Low values were e a s i l y  associated with an a rea  of poor cont ro l  between tape 
and r ing .  

dichrrmate-sulfuric ac id  so lu t ion ,  thoroughly washing with d i s t i l l e d  water, 
and drying a t  20OoC. 

Control of temperature was good except 

'The Baldwin-Tester was not recording. Only high and low values are given here. 

'Rings were cleaned DY wipiilg sit!: tollipnp, drving, soaking two hours i n  f r e s h  

'Rings w e r e  cleaned by wiping with toluene, soaking i n  c lean  dichromate-sulfuric 
ac id  f o r  65 hours,  thoroughly washing, and drying a t  20OoC. 
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ROTARY EVAPORATOR 

FIG. 1 APPARATUS FOR HALOGENATION OF 
PARTICULATE MATER I ALS 

18 



c 

CLAMPING PLATES FLANGE ON INNER JACKET 
("PYREX" OR SILICA) 

2i'b.D. "PYREX" OUTER JACKET 

2mm VACUUM STOPCOCK 

$" * 1 ~ ~ ~ ~ ~ 8 '  COOLING COIL 

2 m m  VACUUM STOPCOCK 

FIG. 2 APPARATUS FOR HALOGENATION OF 
RINGS FOR PEEL TESTS 

1B-4525-4 
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71-4125-3 

FIG. 3(a) APPARATUS FOR PEEL TEST 

I 
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f - I O  THREADS 

TB- 4525 - 1  

FIG.3(b) APPARATUS FOR PEEL TEST - DETAIL OF STIRRUP CONSTRUCTiBN 
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/-i.'sHAFT 

:'BALL BEARING 

I 

TA-4525-2 

FIG.3(c) APPARATUS FOR PEEL TEST - DETAIL OF ROLLER CONSTRUCTION 
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